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The protein machinery that mediates homotypic fusion of mammalian endoplasmic reticulum (ER) membranes is becoming increasing
well defined. However, little is known of how acylation of constituent membrane components might impact upon this event. This is
particularly important as acylation has been shown to promote both fusion and fission of heterotypic membranes. Using a previously
characterised cell-free ER fusion assay, I show here that incubation of membranes in the presence of either palmitoyl CoA or myristoyl CoA
potently inhibits assembly. Furthermore, inhibition does not occur when membranes are incubated in the constituent palmitate or CoA
moieties alone. These findings suggest that not only do palmitoyl CoA and myristoyl CoA inhibit ER assembly, but that they might instead
be functioning to actively facilitate ER membrane fission.
D 2004 Elsevier B.V. All rights reserved.Keywords: Homotypic fusion; Organelle assembly; AcylationIn recent years, numerous advances have been made in
our understanding of how vesicular transport is mediated
through the biosynthetic/secretory and endocytic pathways.
In particular, the nature of transport, targeting and fusion
events have been well characterised for a wide range of
membrane interactions [1–5]. Soluble N-ethylmaleimide
sensitive factor (NSF) is an ATPase that mediates multiple
heterotypic transport steps in conjunction with soluble a-
SNAP and membrane-associated SNAREs (soluble NSF-
attachment protein receptors) [6]. Moreover, NSF is a
member of the wider family of AAA ATPases [7], a family
which also includes the cell division cycle protein Cdc48p/
p97, which along with accessory proteins has been shown to
mediate homotypic endoplasmic reticulum (ER) fusion in
both yeast [8] and mammalian cells [9]. SNARE proteins and
their accessory factors are not the only proteins which
modulate endomembrane transport. Small monomeric
GTPases from the Rab family are essential for targeting
and/or fusion in multiple steps along the exocytic and
endocytic pathways [3,10] and, in addition to mediating0167-4889/$ - see front matter D 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbamcr.2004.05.002
* Tel.: +44-20-7377-7000x3313; fax: +44-20-7377-7636.
E-mail address: M.D.Turner@qmul.ac.uk (M.D. Turner).heterotypic fusion events, Rab protein has also been shown
to mediate homotypic fusion of mammalian ER membranes
[11]. Similarly, homotypic fusion of early endosomes
[12,13] and lysosomes [14] in mammals, and vacuoles in
yeast [15], are all processes that are dependent upon Rab
GTPases. However, it is important to note that individual
fusion processes often show specific requirements in terms
of both Rabs and ATPases, and care must be taken not to
assume that the proteins mediating fusion in one system or
cell type will necessarily operate in the next.
In addition to fusion proteins, fatty acyl CoA molecules
also elicit potent effects upon endomembrane transport,
facilitating both vesicular budding [16,17] and heterotypic
membrane fusion [18,19]. Furthermore, myristoylation and
palmitoylation have also been shown to couple intracellular
signaling to extracellular stimuli in intact cells [20–23].
However, relatively little is known of the role that these
molecules play during ER assembly. The ER is an essential
intracellular organelle whose biogenesis and maintenance is
essential [24]. It is the organelle into which classical secre-
tory proteins are synthesised and correctly folded through
specific interactions with ER chaperones [25–27], with
failure to control this integrative processing leading to the
development of a wide range of diseases [28]. Furthermore,
Fig. 2. Dose-response inhibition of ER assembly by palmitoyl CoA.
Microsomes were isolated as described in Fig. 1 and incubated at 32 jC for
15 min in 25/125 supplemented with cytosol, ATP (2.5 mM MgOAc, 1 mM
ATP and an ATP-regenerating system; 4.8 mM creatine phosphate and 5 IU/
ml creatine phosphate kinase) and the concentration of palmitoyl CoA
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consequently plays a fundamental role in cell regulation.
Advances in our understanding of the molecular archi-
tecture of vesicular transport have been greatly aided by the
development of cell-free assays. Cell-free homotypic fusion
assays have been developed to study assembly of numerous
intracellular compartments, including the ER [11]. Using
this ER fusion assay, it has been possible to investigate the
impact that fatty acyl CoA molecules have upon ER
assembly. Incubation at 32 jC in the presence of ATP and
cytosol leads to the fusion of heavy (H) and light (L) chain-
containing ER membrane populations prepared from differ-
ent cell lines, with subsequent fusion-dependent oligomer-
isation of mature H2L2 being quantified by ELISA assay
[11]. As oligomerisation is efficient and not rate-limiting,
the assembly of mature IgG is a direct measure of ER
assembly. Fig. 1 shows the effects of palmitate, CoA, and
palmitoyl CoA on homotypic ER membrane fusion. The
addition of palmitate or CoA, either alone or in combination,Fig. 1. Palmitoyl CoA, but not its constituent moieties, inhibits ER
assembly. Ag8(8) and P3K (P3U.1) cells were centrifuged at 300g for 5
min, resuspended in an equal volume of 5% sorbitol, 10 mM HEPES, pH
7.2, then homogenised by two passes through a stainless steel ball bearing
homogeniser. Microsomes were obtained from the post-nuclear supernatant
generated by centrifugation at 500g for 10 min. Cytosol was prepared as
described previously [11]. Microsomes were incubated at 32 jC for 15 min
in 25/125 supplemented with cytosol, and where indicated with ATP
(2.5 mM MgOAc, 1 mM ATP and an ATP-regenerating system; 4.8 mM
creatine phosphate and 5 IU/ml creatine phosphate kinase), 500 nM
palmitic acid, 500 nM acetyl CoA, or 500 nM palmitoyl CoA. Incubations
were terminated by lysis with ice-cold 1% Triton X-100, and following
centrifugation at 16,000g for 10 min supernatant was added to ELISA
strips (precoated with 2 Ag/ml Protein G) for 3 h. Oligomerisation of
whole H2L2 was detected by overnight incubation with chicken anti-
mouse IgG horseradish peroxidase (Chemicon, Temecula, USA) (diluted
1:1000 in TBS, 0.2% Tween 20) and subsequent assay with aliquots of
assay mix (10 mg o-phenylenediamine/ 25 ml of 25 mM citric acid, 51
mM Na2HPO4, pH 5 plus 5 Al H2O2). Absorbance was measured at 490
nm, and analysis performed relative to an IgG standard curve, duplicate
readings being taken on a Bio-Rad 3550 microplate reader. In all
experiments, a detergent-treated sample is included as an internal control
and this value, which measures the maximal contribution of luminal-
independent assembly, is subtracted from reported values. Except where
stated otherwise, all reagents were from Sigma (St. Louis, USA).
indicated. Incubations were terminated by lysis with ice-cold 1% Triton X-
100, and ELISA assays conducted as described in Fig. 1.has no significant effect upon membrane fusion. However,
the addition of palmitoyl CoA results in a pronounced
inhibition of ER assembly. In order to assess both the
potency and generality of fatty acyl CoA-mediated inhibi-
tion of ER assembly, dose-response experiments were
performed using either palmitoyl CoA (Fig. 2) or myristoyl
CoA (Fig. 3). Both palmitoyl CoA and myristoyl CoA have
extremely potent actions, inhibiting ER assembly with an
IC50 of 50–100 nM. By contrast, palmitate alone elicited no
significant inhibitory action even when added at 10 AM, and
similarly short chain acyl CoA showed only moderateFig. 3. Dose-response inhibition of ER assembly by myristoyl CoA.
Microsomes were isolated as described in Fig. 1 and incubated at 32 jC for
15 min in 25/125 supplemented with cytosol, ATP (2.5 mM MgOAc, 1 mM
ATP and an ATP-regenerating system; 4.8 mM creatine phosphate and 5 IU/
ml creatine phosphate kinase) and the concentration of myristoyl CoA
indicated. Incubations were terminated by lysis with ice-cold 1% Triton X-
100, and ELISA assays conducted as described in Fig. 1.
Fig. 4. Palmitoyl CoA inhibits ER assemblywhen added at either early or late
time points in the fusion reaction. Microsomes were isolated as described in
Fig. 1 and incubated at 32 jC in 25/125 supplemented with cytosol and ATP
(2.5 mM MgOAc, 1 mM ATP and an ATP-regenerating system; 4.8 mM
creatine phosphate and 5 IU/ml creatine phosphate kinase). At the indicated
incubation time (Dt), the assay mix was also supplemented with 500 nM
palmitoyl CoA and the incubation continued for a total time of 15 min.
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exceptionally sensitive to the presence of both myristoyl
CoA and palmitoyl CoA, both of which inhibit ER assembly
with an almost identical efficacy. It would therefore appear
that the inhibition observed here is a general effect of long-
chain acyl CoA molecules.
It has been known for some time that acyl CoAs play a
role in lipid remodeling and fission of COP-I coated
vesicles [16]. It has also been shown that acyl CoAs are
utilised in the acylation of both pure lipidic and Golgi
membranes [17] and that this reaction is essential for
membrane fission. Pure lipidic membranes are strongly
influenced by lipid additives which alter membrane curva-
ture, with oleic acid for example inducing negative curva-
ture and consequently inhibiting fusion when added to cis
monolayers [30]. In contrast to the findings presented in this
report, palmitoylation has been shown to facilitate mem-
brane fusion of yeast vacuoles [31,32]. Could this contra-
diction to the current findings be a reflection of different
organelle membrane compositions at the site of acylation
leading to differential localised membrane curvatures which
promote either fusion or fission as a result? Similarly it is
possible that enhanced lipid synthesis at the ER might
possibly alter lipid composition, such that fusion is dis-
favoured. However, if this is the case then fusion must be
extremely sensitive to subtle changes in lipid composition,
as for example the synthetic rate of palmitate synthesis has
been shown to be under 5%/h in human leukemia cells [33]
whereas the current report demonstrates potent inhibitory
action from a 15-min assay. Alternatively, perhaps the
differences emanate from post-translational acylation of
specific membrane proteins involved in either membranefusion or fission. Fig. 4 clearly shows that addition of
palmitoyl CoA to ER microsomes results in inhibition of
assembly when added to the fusion reaction at either early
or late time points. These findings are consistent with
activation/inactivation of a factor acting late in the fusion
process, as inhibition of factors acting early in the fusion
process only leads to inhibition of fusion when these
components are inhibited within the first 5 min of assay
reaction (e.g. Ref. [11]). Interestingly, there is similar
evidence of membrane acylation in yeast, the SNARE
Ykt6 being shown to mediate protein palmitoylation during
vacuolar fusion [34]. Future work should resolve the current
discrepancies by identifying specific proteins acylated dur-
ing mammalian ER assembly.Acknowledgements
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